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ABSTRACT
We present the integrated properties of the stellar populations in the Universidad Complutense
de Madrid (UCM) Survey galaxies. Applying the techniques described in the first paper of this
series, we derive ages, burst masses and metallicities of the newly formed stars in our sample
galaxies. The population of young stars is responsible for the Hα emission used to detect the
objects in the UCM Survey. We also infer total stellar masses and star formation rates in a
consistent way taking into account the evolutionary history of each galaxy. We find that an
average UCM galaxy has a total stellar mass of ∼1010 M, of which about 5 per cent was
formed in an instantaneous burst that occurred about 5 Myr ago, and subsolar metallicity. Less
than 10 per cent of the sample shows massive starbursts involving more than half of the total
mass of the galaxy. Several correlations are found among the derived properties. The burst
strength is correlated with the extinction and with the integrated optical colours for galaxies
with low obscuration. The current star formation rate is correlated with the gas content. A
stellar mass–metallicity relation is also found. Our analysis indicates that the UCM Survey
galaxies span a broad range in properties between those of galaxies completely dominated
by current/recent star formation and those of normal quiescent spirals. We also find evidence
indicating that star formation in the local Universe is dominated by galaxies considerably less
massive than L∗.
Key words: galaxies: evolution – galaxies: fundamental parameters – galaxies: photometry –
galaxies: stellar content – infrared: galaxies – radio lines: galaxies.
1 I N T RO D U C T I O N
The present paper is the second of a series dealing with the determi-
nation of the main properties of the stellar populations in the Univer-
sidad Complutense de Madrid (UCM) Survey galaxies (Zamorano
et al. 1994, 1996; Alonso et al. 1999). We deal here with the inte-
grated properties of the galaxies as a first step towards understanding
their evolution. Future developments will address the properties of
the spatially resolved stellar populations and the improvement of
the modelling procedures. This will be necessary to understand the
details of the star formation history of each galaxy as well as their
dust extinction properties, which turn out to be one of the key points
(and probably the most important one) in this field.
E-mail: pag@astrax.fis.ucm.es
†Present address: The Observatories of the Carnegie Institution of
Washington, 813 Santa Barbara St., Pasadena, CA 91101, USA.
One of the goals of this study is to determine the nature of the
galaxies that were detected by the UCM Survey. There is an exten-
sive data set available for the sample, including spectroscopic and
photometric information covering a broad wavelength range from
the optical to the near-infrared (NIR), together with some radio data.
The analysis of the spectroscopic observations allows us to study
the emission lines formed in the ionized gas clouds surrounding
young hot stars. Among these lines, the Balmer Hα line is one of
the best tracers of the most recent star formation (Kennicutt 1992,
1998a). It is easily observable in nearby galaxies and is less extin-
guished by dust than other optical emission lines (Hβ, [O II]λ3727)
and the ultraviolet continuum. The Hα luminosity and equivalent
width are directly linked to the youngest population of stars respon-
sible for the heating and ionization of the gas, and thus can be used
in the determination of the mass in newly formed stars, their age,
etc. Spectroscopic data can also be used to evaluate the extinction
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Photometric data covering a wide wavelength range can be used
to carry out a population synthesis analysis of composite stellar
populations. Many examples of such studies, for low- and high-
redshift galaxies, are found in the literature (see e.g. Kru¨ger, Fritze-
v. Alvensleben & Loose 1995; de Jong 1996; Abraham et al. 1999;
Brinchmann & Ellis 2000; Gil de Paz et al. 2000a; Bell & de Jong
2000; Papovich, Dickinson & Ferguson 2001). Some other authors
have focused on the quantitative analysis of the optimal sets of ob-
servables and signal-to-noise ratios required to obtain robust results
(see Bolzonella, Miralles & Pello´ 2000; Gil de Paz & Madore 2002,
and references therein).
In this respect, the combination of high-quality optical, ultravi-
olet and NIR data has been found to provide some of the funda-
mental information needed to study local galaxies. To complement
the broad-band photometry, emission-line fluxes can also be used
in galaxies presenting star formation activity. The ultraviolet part
of the spectrum and the emission lines are dominated by young hot
stars formed recently. The NIR is essential to characterize the more
evolved population, since it is less sensitive to recent bursts and dust
extinction.
One principal application of this line of research is the determi-
nation of the stellar masses of galaxies, another major goal of our
project. It has been argued that NIR data – more precisely, the K-
band luminosity – can be used as a good tracer of the stellar mass (Rix
& Rieke 1993; Brinchmann & Ellis 2000). Based on this assumption,
several NIR-based surveys have been carried out in order to use the
K-band luminosity function at several redshifts to obtain the distri-
bution of galaxy masses directly (e.g. Cowie et al. 1996; Cohen et al.
1999; Kochanek et al. 2001; Drory et al. 2001). However, it is very
important to test the reliability of the stellar masses determined using
K-band luminosities alone. Age differences from galaxy to galaxy,
or the presence of massive recent star formation (with a mass com-
parable to that of the evolved population), may have an effect on
the mass-to-light ratio even in the NIR. Indeed, some authors have
recently claimed that the K-band mass-to-light ratio depends on pa-
rameters such as the galaxy colours, clearly affecting the determi-
nation of total stellar masses (Moriondo, Giovanardi & Hunt 1998;
Brinchmann & Ellis 2000; Bell & de Jong 2001; Graham 2002).
Pe´rez-Gonza´lez et al. (2003a, hereafter Paper I) presented the data
set and the modelling and statistical techniques used in the current
analysis. Paper I also discusses how well our techniques are able
to reproduce the observations. Using a stellar population synthesis
library, and taking into account the gas emission and dust attenu-
ation, our method is able to model successfully the observational
properties of star-forming galaxies. Several a priori parameters of
the models were tested, including: (1) the evolutionary spectral syn-
thesis library [we used Bruzual & Charlot (private communication)
and Leitherer et al. (1999)]; (2) the recent star formation scenario
(instantaneous and constant star formation rates were tested); (3)
the initial mass function (Salpeter 1955; Miller & Scalo 1979; Scalo
1986); and (4) the extinction correction recipe (Calzetti et al. 2000;
Charlot & Fall 2000). Among these, we found that the extinction
plays a fundamental role.
We present now the results obtained from the application of our
modelling procedure and statistical analysis to the UCM Survey
data. Briefly, the global properties of the newly formed stars and
those of the underlying evolved population will be quantified. These
properties are derived for each individual galaxy, ensuring that the
stellar content and star formation history of each object are properly
taken into account. The determination of these properties will lead
to a better understanding of the observational biases of this kind of
surveys.
A plan of the paper follows. First, the main properties of the
UCM Survey sample will be briefly described in Section 2. The
population synthesis method used in this will be recalled in Sec-
tion 3 (see Paper I for further details). Next, the results concerning
the youngest population will be presented and discussed in Section
4. Following this, in Section 5 we will focus on the integrated stel-
lar masses of the UCM galaxies. Finally, the conclusions will be
presented. Throughout this paper we use a cosmology with H 0 =
70 km s−1 Mpc−1, M = 0.3 and 	 = 0.7.
2 T H E S A M P L E
The present work has been carried out using the UCM Survey sam-
ple composed of 191 galaxies selected by their Hα emission at an
average redshift of 0.026 (Zamorano et al. 1994, 1996; Gallego
et al. 1996). Within this sample, 15 objects were classified as active
galactic nuclei (AGNs; including type 1 Seyfert, type 2 Seyfert and
low-ionization nuclear emission region, LINER, types) by Gallego
et al. (1996), and have been excluded from this study. Another 11
galaxies were observed in only two bands and no comparison with
the models was attempted. The final sample is consequently formed
by 163 galaxies (cf. Paper I).
The extensive data set used in this work includes optical and
NIR imaging, and optical spectroscopy. For more details on the
observations and the main spectroscopic and photometric properties
of the galaxies, see Paper I and references therein.
Although not presented in Paper I, in this paper we will also
make use of the available H I 21-cm data for the UCM Survey galax-
ies. These data were obtained from the NASA/IPAC Extragalactic
Database (NED). Most of the 21-cm fluxes come from Huchtmeier
& Richter (1989). We also used the data for 11 galaxies from Pisano
et al. (2001). H I masses (in solar units) were calculated with the
expression
MH I = 2.356 × 105 D2
∫
S dν, (1)
where D is the distance in Mpc and
∫
S dν is the integrated line flux
in Jy km s−1 (Roberts 1975).
3 BA S I C A S S U M P T I O N S
A N D M E T H O D O L O G Y
Paper I described the method to derive the properties of the most
recent star formation in star-forming galaxies using broad-band
photometry and spectroscopy. Although the basic assumptions and
methodology were extensively described in that paper, we summa-
rize them here to make this paper as self-contained as possible. The
technique is based on the assumption that these galaxies have a com-
posite stellar population. The detection of nebular emission lines is
undoubtedly a hint for the presence of a very young stellar popula-
tion, which will be referred as a recent burst of star formation, the
newly formed stars or the recent starburst. This population is also
responsible for the bluer colours observed in the UCM galaxies in
comparison with ‘normal quiescent’ (relaxed) spirals (see Alonso-
Herrero et al. 1996; Pe´rez-Gonza´lez et al. 2000).
This recent starburst is occurring in a spiral/lenticular galaxy.
Morphological studies were carried out by Vitores et al. (1996) in
the Gunn r band and by Pe´rez-Gonza´lez et al. (2001) in the Johnson
B band. A typical spiral intrinsically shows H II regions ionized by a
population of recently formed stars. Kennicutt (1983) and Davidge
(1992) estimated the importance of this population (in comparison
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Figure 1. Comparison of the UCM objects (asterisks) with normal relaxed
(quiescent) spiral/irregular galaxies (triangles; Kennicutt 1998b). Vertical
axis is plotted in solar units.
with the entire stellar content) measuring the Hα equivalent width
(EW) for a sample of normal spirals. On average, a typical relaxed
Sb galaxy presents a value of 8 A˚. However, the detection limit of the
UCM Survey is EW(Hα) ∼ 20 A˚ (Gallego 1995). Consequently, the
UCM objects must be experiencing a stronger burst of star formation
in comparison with a normal galaxy.
Fig. 1 shows the distinct nature of the UCM galaxies and nor-
mal spirals (Kennicutt 1998b). This plot depicts the stellar mass (as
traced by the K-band luminosity) versus the luminosity from young
stars (as traced by the Hα luminosity). The latter has been nor-
malized with the K-band luminosity in order to be able to compare
between objects with different luminosities/stellar masses. The NIR
data for the comparison sample have been extracted from the Two
Micron All Sky Survey (2MASS; Jarrett et al. 2000), NED and de
Jong & van der Kruit (1994). UCM galaxies appear as fainter objects
than normal spirals but presenting larger normalized Hα luminosi-
ties. This means that the present star formation is more important
in comparison with the older population in the UCM objects than
in normal spirals.
Our modelling refers to the properties of a recent star formation
event which takes place in excess of what is typical in a normal
spiral or lenticular galaxy. We have assumed that a recent burst of
star formation (described by its age, metallicity and mass) is occur-
ring in a galaxy whose colours and EW(Hα) are those of a typical
galaxy of the same morphological type. The assumed colours of
the underlying evolved (older) population, which have been taken
from the literature, are the result of the past star formation his-
tory of these typical galaxies. The details of this past history are
beyond the scope of this paper. Here we are not concerned with
the detailed histories of individual galaxies, but with the statistical
properties of our sample. The validity of this approach, at least in
the statistical sense, is supported by the correlation between aver-
aged colours and Hubble type for large samples of galaxies (see e.g.
Fukugita, Shimasaku & Ichikawa 1995; Fioc & Rocca-Volmerange
1999; Strateva et al. 2001). In addition, these underlying popula-
tion colours are quite similar to our measurements in the outer parts
of some randomly selected test galaxies (Pe´rez-Gonza´lez et al., in
preparation).
The recent burst must be younger than ∼10 Myr, since the
EW(Hα) drops considerably for ages older than this value. Given
this short period of time, the star formation may be approximated by
an instantaneous or constant star formation rate (SFR) burst. A pos-
sible scenario with multiple bursts occurring all through the galaxy
would be mimicked by a constant SFR model.
This work also deals with the estimation of the total stellar mass
of each galaxy. Mass-to-light ratios in the NIR (and in particular the
K band) have been claimed to be roughly independent of the galax-
ies’ stellar populations and star formation histories (Rix & Rieke
1993; Brinchmann & Ellis 2000). This statement will be discussed
in Section 5.
The modelling technique described in Paper I yields three param-
eters describing the population of newly formed stars in the UCM
galaxies. The three parameters are the age t, metallicity Z and burst
strength b (ratio between the mass of the starburst and the total
stellar mass of the galaxy, i.e. the importance of the recent star for-
mation event). Both the observed colours and equivalent width that
are fitted by our modelling and the output parameters have been
considered as statistical distributions. The method also includes a
principal component analysis (PCA) on the space of solutions which
takes account of the degeneracies in this kind of study (cf. Paper I).
The next sections will deal with the results obtained for these three
properties.
Paper I introduced and tested some input parameters that should
be selected a priori. All of them refer to the stellar and nebular
emission arising from the recent starburst. As a reminder, we list
here these parameters and the acronyms used hereafter:
(i) The evolutionary synthesis model: Bruzual & Charlot (private
communication, hereafter BC99) or Leitherer et al. (1999, hereafter
SB99).
(ii) The star-forming mode of the young stellar population: in-
stantaneous or continuous star formation rate (SFR). These modes
will be referred to as INST and CONS.
(iii) The initial mass function (IMF): Salpeter (1955, SALP),
Miller & Scalo (1979, MSCA) or Scalo (1986, SCA). In all cases, we
use Mlow = 0.1 M andMup = 100 M for the lower and upper
mass limits of the IMF.
(iv) The extinction recipe: Calzetti et al. (2000, CALZ00) or
Charlot & Fall (2000, CF00).
4 P RO P E RT I E S O F T H E YO U N G
S T E L L A R P O P U L AT I O N
4.1 Burst strength
Fig. 2 shows the histograms of the burst strength (in a logarithmic
scale) for the three IMFs considered and the CF00 extinction recipe.
Left panels show results for the INST star formation and right panels
for the CONS case. On the top of each diagram, the median value
and quartiles are drawn. These quantities are also given in Table 1,
together with the relevant values for the rest of the derived quan-
tities. The median values of the burst strengths are 2–12 per cent,
depending on the input parameters of the models. The individual val-
ues of b cover the whole range considered, from pure young bursts
(b 	 1) to masses of new stars that are less than 1 per cent of the total
mass of the galaxy. These results are similar to what was found for
a smaller subsample in Gil de Paz et al. (2000a, hereafter GdP00),
albeit with some of the galaxies studied now showing burst strengths
close to 100 per cent. These high-b objects were not present in the
subsample studied by GdP00.
The models with SCA and MSCA IMFs present higher values of
the burst strength than those using SALP by up to a factor of 3–5.
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Table 1. Median values and quartiles for the three parameters fitted by our models: the derived burst strengths, ages and metallicities. All the possible input
choices are shown. The last row gives the median value and quartiles of the best fit for each galaxy.
log (t) log (b) log (Z)
INST CONS INST CONS INST CONS
Bruzual & Charlot BC99 model
SALP CF00 6.71+0.13−0.11 7.45
+0.50
−0.59 −1.53+0.33−0.39 −1.80+0.60−0.53 −0.16+0.33−0.27 −0.04+0.32−0.36
CALZ00 6.75+0.08−0.13 7.60
+0.34
−0.56 −1.83+0.42−0.37 −1.77+0.27−0.67 −0.18+0.21−0.20 −0.20+0.31−0.24
SCA CF00 6.70+0.14−0.10 7.67
+0.28
−0.67 −0.92+0.29−0.35 −0.98+0.40−0.51 −0.16+0.33−0.26 −0.18+0.33−0.25
CALZ00 6.74+0.08−0.14 7.46
+0.36
−0.46 −1.24+0.31−0.30 −1.21+0.32−0.54 −0.16+0.19−0.20 −0.24+0.23−0.22
MSCA CF00 6.70+0.14−0.09 7.49
+0.42
−0.55 −1.12+0.26−0.40 −1.17+0.49−0.43 −0.16+0.30−0.24 −0.26+0.31−0.17
CALZ00 6.75+0.08−0.13 7.22
+0.44
−0.32 −1.54+0.34−0.31 −1.51+0.41−0.54 −0.17+0.16−0.21 −0.20+0.23−0.23
Leitherer et al. SB99 model
SALP CF00 6.79+0.11−0.11 7.92
+0.07
−0.45 −1.36+0.41−0.42 −1.60+0.45−0.33 −0.54+0.44−0.44 −0.55+0.38−0.53
CALZ00 6.71+0.07−0.15 7.76
+0.21
−0.43 −1.95+0.43−0.33 −1.66+0.35−0.64 −0.35+0.30−0.34 −0.44+0.50−0.23
Best fit 6.79+0.08−0.07 −1.31+0.44−0.37 −0.04+0.13−0.23
Figure 2. Distribution of the burst strengths derived for the UCM Sur-
vey galaxies. BC99 instantaneous SFR models for the three initial mass
functions and the CF00 extinction recipe are plotted on the left and con-
stant SFR models on the right. Each row corresponds to each one of the
three IMFs considered: Salpeter (SALP), Scalo (SCA) and Miller–Scalo
(MSCA).
For the same age, the SCA models are redder than the MSCA ones,
and these in turn are redder than the SALP ones. More young stars
need to be added to the redder models in order to account for the
observed colours, and the derived burst strength rises.
Figure 3. Comparison of burst strengths for instantaneous and constant rates
of star formation. The points refer to the BC99 code, CF00 extinction recipe
and the three IMFs described in the text.
The burst strengths derived using a constant SFR and an instan-
taneous burst are compared in Fig. 3. The points scatter around the
one-to-one line for all the IMFs. This indicates that, after a few mil-
lion years, the observed properties of a galaxy that experienced a
massive instantaneous burst will resemble those of one experienc-
ing a less efficient but longer star formation event in which the mass
of newly formed stars is similar. We will come to this fact later.
Galaxies show a small tendency to have lower values of b for the
CONS case than for the INST one. Indeed, for a given age, one can
reproduce a certain EW(Hα) with a continuous burst less massive
than an instantaneous one. The good agreement between the b val-
ues derived with the INST and CONS models for the galaxies with
the lowest burst strengths is remarkable. These objects also show
similarly young burst ages for both star formation scenarios (see
Section 4.2).
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A comparison of the CONST and INST burst strengths derived
for the SB99 models with the CF00 extinction law is presented in
Fig. 6, with very similar conclusions. On average, SB99 models
show higher burst strengths than BC99 ones by a factor of 0.1–
0.2 dex for the case of CF00 extinction and lower for the CALZ00
prescription.
In Paper I we concluded that the vast majority of the UCM galax-
ies are better fitted with the INST models than with the CONS ones.
Thus, the b values derived from the best-fitting models will refer, in
most cases, to the instantaneous burst scenario.
Only five objects have burst strengths higher than 50 per cent
as derived from more than one model, including the model that
best reproduces the observations. Four more join this group if we
only consider the best-fitting model. Out of these nine objects, four
are classified as SBN (starburst nuclei; Gallego et al. 1996; see
Paper I for a short description), two as DANS (dwarf amorphous
nuclear starburst) and three as HIIH (H II hotspot) objects. Most of
them are compact objects (e.g. UCM 1256+2910, 2315+1923 and
2319+2234), some have extended star formation located throughout
the object [as seen in Hα imaging presented in Pe´rez-Gonza´lez et al.
(2003b), e.g. UCM 0022+2049 and 1306+3111]. There are also
two face-on galaxies with clear spiral arms and a massive nuclear
burst (UCM 2256+2001 and 2317+2356). All nine galaxies having
stellar populations dominated by the young stars have relatively high
extinctions, i.e. E(B − V ) = 0.6–1.5.
4.2 Age
The derived burst ages for the UCM galaxies show a relatively nar-
row peak at 5–6 Myr for INST models (Fig. 4, left). The median age
and age distribution for the entire sample are almost independent of
the IMF considered. The difference in mean age is only 0.01 dex for
the three IMFs. The independence of the derived burst ages on the
IMF can be easily explained. The most important observable when
determining the age of a young stellar population is EW(Hα) (cf.
Alonso-Herrero et al. 1996; GdP00). The EW(Hα) for young stel-
lar populations is dominated by the most massive stars present, and
thus the EW(Hα) ‘clock’ only depends on the evolutionary clock of
these massive stars, which does not depend on the IMF.
The reason for the narrow burst age distributions derived for the
UCM galaxies can be explained from the way UCM galaxies were
selected (see also discussion in Section 4.4). Only objects with rela-
tively high Hα equivalent widths (>20 A˚) are present in the sample
(Gallego 1995). Since EW(Hα) drops sharply below that value af-
ter ∼10 Myr (see Fig. 8), a sharp cut-off in the age distribution is
expected at that age. The logarithmic nature of the x-axis in Fig. 4
partially explains the drop in galaxy numbers for ages below 3 Myr,
since the time intervals encompassed by the low age bins is smaller.
Moreover, for these very young ages the burst of star formation
is probably still hidden in very high extinction regions (Gordon,
Calzetti & Witt 1997), and therefore galaxies with very young bursts
will be hard to detect.
The ages of the young stellar populations derived for the constant
SFR models are not well constrained since EW(Hα) changes very
slowly with age (Alonso-Herrero et al. 1996). The derived age dis-
tribution appears to be rather flat for these models (Fig. 4, right). The
apparent excess of galaxies with older ages [log (t) ∼ 8] is mainly
due to the large time interval encompassed by the last bin. In any
case, since the UCM galaxies clearly favour the INST models, the
ages derived from the CONS models are largely irrelevant.
When comparing BC99 and SB99 models (see Fig. 6, middle-left
panel), marginally younger burst ages (by 0.1 dex) are found for the
Figure 4. Distribution of the ages derived for the UCM Survey galaxies.
BC99 instantaneous SFR models for the three initial mass functions and
CF00 extinction are plotted on the left and constant star formation rate
models on the right.
former, but the age distributions are similar. This behaviour derives
directly from the fact that the predicted EW(Hα) at any given age
is higher in the SB99 case. This is due to the different evolutionary
tracks and stellar libraries used in both sets of population synthesis
models.
4.3 Metallicity
As discussed in GdP00 and Paper I, the metallicity has a smaller ef-
fect on the colours and EW(Hα) values predicted by the models than
the burst strength and the age. Thus, the model-derived metallicities
are much more uncertain. Moreover, the population synthesis mod-
els used have metallicities with a small number of discrete values,
which has a very strong effect in the clustering of solutions in the
parameter space (GdP00; Paper I). Although for the sake of com-
pleteness we will present in this section the metallicities derived
by the models, extreme caution is needed when interpreting the
results.
Fig. 5 shows the distribution of model-derived metallicities for
the young populations in the UCM sample galaxies. There is a large
spread in the metallicities fitted by our models, with more galaxies
with metallicities below solar than above. The mean metallicity
derived with the different models is 〈log(Z/Z)〉 	 −0.2. The
derived metallicities are almost independent of the IMF considered.
Finally, SB99 models (Fig. 6, lower panels) give lower metallicity
values by 0.3–0.5 dex, leaving less than 10 per cent of the objects
with metallicities above solar.
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Figure 5. Distribution of the model-derived metallicity for the UCM Survey
galaxies. BC99 instantaneous SFR models for the three initial mass functions
and CF00 extinction prescription are plotted on the left and constant SFR
models on the right.
In Section 5 we will discuss the spectroscopically derived chemi-
cal abundance of the gas and its correlation with the galaxies’ stellar
masses.
4.4 Correlations
For the sake of simplicity, in this section and the reminder of this
paper, all the plots will refer to the results obtained with the CF00 ex-
tinction recipe, SB99 models with instantaneous SFR and a Salpeter
IMF. As discussed in Paper I, this choice yields the best results when
modelling the data, although the CALZ00 extinction recipe seems to
work marginally better for high-extinction objects. In the plots, only
galaxies with acceptable fits (as defined in Paper I) will be shown.
When relevant, results obtained with different model parameter
choices will also be mentioned in the discussion, including the
set of results corresponding to the best-fitting model for each
galaxy.
Fig. 7 shows the distribution of burst strengths according to the
morphological type of each galaxy. Median values are indicated. The
results for the SB99 models suggest a relatively modest increase in
burst strength from Sa to Sc+. The number of galaxies classified as
irregulars is too small to infer firm results. Although this behaviour
agrees with the idea that star formation is relatively more important
in late spirals than in earlier ones, we remind the reader that our mod-
els assume an underlying stellar population in each galaxy similar to
that of a ‘normal’ galaxy with the same morphological type. Thus, b
refers to new stars formed in excess of what an average galaxy with
Figure 6. Distribution of young population parameters for the UCM Survey
galaxies. SB99 instantaneous SFR models and CF00 extinction are plotted
on the left and constant SFR models on the right.
the same morphological type would have (cf. Paper I). Another im-
portant point to remember when considering morphological trends
is that the UCM sample is biased against low surface brightness
objects, since the galaxies were selected from objective-prism pho-
tographic plates. Moreover, for an S0 galaxy to be detected in Hα, its
star formation must be significantly enhanced with respect to a ‘nor-
mal’ S0. It is also worth pointing out that the relatively low burst
strengths derived for blue compact dwarf (BCD) galaxies (〈b〉 	
5 per cent) reveals the presence of an important underlying stellar
population (Kru¨ger et al. 1995; Gil de Paz et al. 2000b,c; Kunth &
¨Ostlin 2000).
Fig. 8 shows the relationship between model-derived age and
EW(Hα) for the UCM galaxies. We use different symbols for objects
with different log (b) values. Models for solar metallicity and sev-
eral burst strengths (with an underlying population of an Sb galaxy,
the most common morphology of the sample) have also been plot-
ted. Both the models and the data show that, for ages above ∼2
Myr, the EW(Hα) decreases with age. This is hardly surprising,
since, as discussed above, EW(Hα) provides the strongest constraint
when determining the ages. Given at ∼10 Myr the EW of the young
stars equals the EW of the underlying stellar population, the model
predictions cross at that age. For older ages, the EW(Hα) for the
composite stellar population becomes constant with time. For very
low burst strengths [log (b) 	 −3], EW(Hα) 	 8 A˚, i.e. the value
corresponding to the underlying stellar population. For higher b val-
ues, EW(Hα) is dominated by the newly formed stars, which have
lower EWs.
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Figure 7. Histograms of the burst strength for the UCM galaxies divided ac-
cording to Hubble type (Pe´rez-Gonza´lez et al. 2001). INT denotes interacting
galaxies, and BCD denotes blue compact dwarf galaxies. Instantaneous SFR
for SB99 models, Salpeter IMF and CF00 extinction is plotted on the left
and the distribution of best fits on the right.
Figure 8. Time evolution of the Hα equivalent width for solar metallicity
models and different burst strengths. Derived values for the UCM sample are
also shown. Different symbols are used for galaxies with different log (b).
Note that some of the points have log (b) values outside the range spanned by
the models, but this is due to the fact that only solar metallicity models with
a fixed underlying population are shown. If we had plotted the full range of
models used, the models would encompass the full range of derived log (b)
values (by construction).
In Fig. 9 we draw the Hα/Hβ ratio (a measure of extinction)
versus the burst strength as derived with our method. Although a
large scatter is present, the galaxies with the largest values of b seem
to have typically larger extinctions, with Hα/Hβ ratios above 5.0,
Figure 9. Burst strength as a function of the extinction (represented by the
Hα/Hβ ratio, Gallego et al. 1996). The histograms show the distribution of
the burst strengths for disc-like and H II-like galaxies.
Figure 10. Burst strength versus B − r colour for the UCM Survey galax-
ies. Information about extinction (Hα/Hβ ratio) is indicated with different
symbols. A fit to the low-extinction points (Hα/Hβ < 5) is shown by the
dashed line. The equation of this fit is log (b) = (−0.90 ± 0.16) + (−1.36 ±
0.24) × (B − r ), with a scatter σ = 0.47. If we use the CALZ00 extinction
recipe, the fit would have a lower zero-point, but very similar slope, i.e. log
(b) = (−1.30 ± 0.13) + (−1.37 ± 0.21) × (B − r ), with a scatter σ = 0.42.
i.e. E(B − V ) > 0.5. Galaxies with smaller bursts, on the other hand,
seem to inhabit objects with lower extinction.
In Fig. 9 we have inserted histograms showing the distribution
of burst strengths according to the galaxies’ spectroscopic type (see
Gallego et al. 1996, and Section 2.3 of Paper I). The distributions
are quite similar.
Finally, Fig. 10 presents log (b) against the B − r integrated
colour of the galaxies corrected for Galactic extinction. There is a
clearly defined lower envelope in the distribution of points, indicat-
ing that there are no blue objects with low burst strengths. Indeed,
for galaxies with low extinction (Hα/Hβ < 5), there is a clear an-
ticorrelation between burst strength and colour. As expected, bluer
objects have larger b values. Note that most of these objects have
b < 10 per cent, even though they can be very blue, almost reach-
ing B − r ∼ 0.0. Objects with higher extinction (Hα/Hβ > 5)
have, typically, larger values of b than those with less extinction for
a given colour. No trend can be seen for these objects. Although
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for them one would expect that large b values would imply bluer
colours, different extinctions would make the colours redder by dif-
ferent amounts, adding scatter and thus hiding any possible trend.
It is thus clear that, with optical colours alone, only lower limits in
b can be derived.
5 S T E L L A R M A S S
One of the outputs of our models is the K-band mass-to-light ratio
of the composite stellar populations.1 The nominalM/L K ratio for
the older stellar population has been assumed to be that of normal
galaxies, as explained in Paper I. It has often been claimed that
the mass-to-light ratio in the NIR (and in particular the K band)
should be roughly independent of the galaxies’ stellar populations
and star formation histories. However, it is clear that this ratio should
decrease somewhat when a burst of young stars is superimposed on
the underlying (older) population. Obviously, the size of this change
must depend on the burst strength and the age of the young stars. Our
models indicate that, for a typical age of 5 Myr and a burst strength
of 10 per cent, the mass-to-light ratio may decrease by up to a factor
of ∼2 (depending on the underlying stellar population, metallicity,
IMF and other model parameters). This has also been noticed by
other authors (Kru¨ger et al. 1995; Bell & de Jong 2001). In Paper I
(fig. 2) we showed that such a burst would contribute about half of
the total luminosity in K. Thus, if accurate stellar masses are to be
derived from K-band luminosities, it is important to take into account
possible mass-to-light ratio variations. Here we carefully calculate
M/L K for each galaxy taking into account its stellar content and
star formation history. The individual mass-to-light ratios derived
for each UCM galaxy are given in Table 2, together with the rest of
the derived parameters.
Since robust values for the mass-to-light ratio, even in the NIR,
require some knowledge of the stellar population properties, it is im-
portant to test whetherM/L K is correlated with any observational
parameter. Broad-band colours are the obvious choice, since they
are reasonably easy to obtain. For instance, Moriondo et al. (1998)
used the B − H colour, Brinchmann & Ellis (2000) used several
optical and NIR colours, and Bell & de Jong (2001) used B − R.
In Fig. 11 we show the mass-to-light ratio in the K band versus
the B − r colour corrected for Galactic extinction. We also include
information on the Hα/Hβ ratio (i.e. extinction) in this plot. A large
scatter is observed, withM/L K changing by factors of a few. No
clear correlation is found. In contrast, Bell & de Jong (2001) found
a strong correlation betweenM/L K and B − R in their models, but
when comparing their work to observations they argue that objects
that do not follow this correlation must have experienced a recent
burst of star formation (not included in their spiral-galaxy models). It
is therefore not surprising that no such correlation is found for UCM
galaxies. Note also that the work of Bell & de Jong (2001) applies
to spiral galaxies used in the study of the Tully–Fisher relation, and
thus is a very different sample from the UCM one. Moreover, Kauff-
mann et al. (2002) also found that the mass-to-light ratio correlation
with optical colours breaks down for faint galaxies (L < L∗). Only
7 per cent of the UCM galaxies (excluding AGNs) show K-band lu-
minosities brighter than the L∗ value given by Loveday (2000). We
suspect that variable extinction, changing the colours by different
amounts, plays an important role in hiding any possible underlying
correlation.
1We have used MK = 3.33 mag (Worthey 1994).
Stellar masses for all the UCM galaxies are given in Table 2. These
masses have been calculated using the mass-to-light ratio of each
object and the K-band luminosity corrected for internal and Galactic
extinction (using the Balmer decrements given in the data table of
Paper I). The median for the whole sample gives a typical mass for a
star-forming galaxy in the local Universe of ∼ 1.3×1010 M, about
half the value found by GdP00. This discrepancy is due to differences
in the modelling techniques and inputs, and should be considered as
indicative of the uncertainties involved in deriving stellar masses.
Assuming M∗K = −24.4 mag (Loveday 2000) andM/L K ∼ 0.9,
the mass of a normal L∗ galaxy would be∼ 1011 M. Recently, Cole
et al. (2001) calculate that the stellar mass for a typical L∗ galaxy
isM∗ = 7 × 1010 M (in agreement with Kauffmann et al. 2002).
This evidence, together with Fig. 12, suggests that star formation
in the local Universe is dominated by galaxies considerably less
massive than L∗.
Fig. 12 shows the distribution of total stellar masses for our sam-
ple. The top panel refers to H II-like galaxies and the grey histogram
in the lower panel to disc-like objects. The lower panel also presents
the distribution of masses for the entire sample as well as the his-
togram of the mass uncertainties. As GdP00 pointed out, there is a
segregation in mass between H II-like and disc-like galaxies, with
the former being less massive than the latter. This is a manifestation
of the higher luminosity of the disc-like galaxies, since the mass-
to-light ratios are very similar for both kinds of object. There is,
however, some overlap between both sets of galaxies.
Median values of the total stellar masses (cf. Table 3) are ∼1.9
× 1010 and ∼ 0.4 × 1010 M for disc-like and H II-like galaxies re-
spectively. Table 3 shows that the median stellar masses determined
with different model choices are quite comparable, with differences
usually smaller than a factor of ∼2.
The median (mean) error in the determination of the stellar mass
is 0.16 dex (0.22 dex), and thus more than half of the galaxies
have their stellar masses determined within a factor of 2 or bet-
ter. These uncertainties are typical in this kind of study based on
broad-band photometry (e.g. Bell & de Jong 2001; Papovich et al.
2001; Kauffmann et al. 2002). Mass errors are higher for galax-
ies with large burst strengths, since their global mass-to-light ratios
are more affected by the young stellar population. Note that the K-
band mass-to-light ratio of the young stellar population is strongly
age-dependent, changing by a factor of ∼15 for ages from 1 to
10 Myr.
Fig. 13 splits the disc-like and H II-like spectroscopic types into
subclasses (cf. Paper I). This figure shows a clear trend from SBN
objects to BCDs. The latter turn out to be the less massive objects,
with an average mass of only ∼ 8 × 108 M. Notice also that the
DANS have quite a broad mass range.
There is also a trend in mass according to Hubble type. On av-
erage, the most massive objects are those presenting clear signs of
interaction (4×1010 M), followed by the S0s and the spirals, from
early to late. Average stellar masses range from 2 × 1010 M for
lenticulars to 1 × 1010 M for Sc+ and 4 × 109 M for irregulars.
In Fig. 14 we compare the relative gas content of the UCM Survey
galaxies (the mass of neutral hydrogen normalized with the total
stellar mass) versusM∗. Clearly, higher-mass galaxies have lower
gas fractions. This suggests that these objects may have exhausted
most of their gas and turned it into stars. Less massive objects have
a larger gas reservoir, in relative terms, and thus have more raw
material available for current/future star formation. Obviously, the
molecular phase has not been considered here, but our arguments
should remain valid provided that the H2/H I ratio does not vary
wildly. Given that low-mass galaxies also present high values of the





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Stellar populations in local star-forming galaxies – II 539
Figure 11. B − r colour dependence of the mass-to-light ratio in the K
band. Information about extinction is also depicted. The histogram on the
right shows the distribution of the mass-to-light ratios.
Figure 12. Distribution of the total stellar masses (in solar units) of the UCM
Survey galaxies. The top histogram corresponds to the H II-like galaxies,
while the bottom one corresponds to the whole sample with the disc-like ob-
jects shown as the grey histogram. Median values are indicated. A histogram
of the mass uncertainties for the whole sample is shown as an inset.
specific SFR (SFR per unit mass, see Section 6), this appears to be a
direct consequence of the well-known Schmidt law (Schmidt 1959).
Using the dynamic masses calculated by Pisano et al. (2001) for
11 UCM galaxies, we can calculate the ratio of stellar to dynamic
masses for this small sample. We find an average value ofM∗ =
(0.19 ± 0.14)Mdyn, with values ranging from 0.02 to 0.60. These
figures are well within the range of mass ratios found by other
authors (e.g. Boselli et al. 1997; Brinchmann & Ellis 2000), albeit
for a very small number of galaxies.
Finally, Fig. 15 shows the correlation between the total stel-
lar mass and the oxygen abundance of the UCM galaxies. The
abundances have been calculated with the [N II]λ6584/Hα and
[O III]λ5007 ratios using the relations given by Melbourne & Salzer
(2002) and presented elsewhere (Zamorano et al. 2002; see also
Arago´n-Salamanca et al. 2002). A clear stellar mass–metallicity
relation is found. More massive galaxies have higher metal abun-
dances, as expected. Larger stellar masses imply higher chemical
enrichment of the interstellar medium.
6 S P E C I F I C S TA R F O R M AT I O N R AT E
A N D S TA R F O R M AT I O N E F F I C I E N C Y
In Paper I we found that most of the UCM galaxies were best fitted
using an instantaneous recent star formation event rather than a
constant SFR superimposed on a normal relaxed spiral galaxy. In
this scenario, the ‘current SFR’ is meaningless since the burst might
have occurred a few Myr ago and now the SFR associated with the
burst is zero. In Alonso-Herrero et al. (1996), Guzma´n et al. (1997)
and GdP00, an effective SFR was introduced. This effective SFR is
equivalent to the rate we would derive if a galaxy was forming stars
at a constant rate during the time it shows detectable Hα emission
[i.e. EW(Hα) > 20 A˚ for the UCM Survey], producing a young
population of the same mass as the one derived by our models.
In this sense, we can define the ratio between the Hα luminosity
and the effective current SFR. Our intention is not to provide a
universal conversion between Hα luminosity and current SFR, but
to be able to compare the results from our sample to those available
in the literature. Following the same procedure explained in Alonso-
Herrero et al. (1996) we have adopted
SFR = LHα
0.7 × 1040 erg s−1 M yr
−1. (2)
This ratio has been obtained using the SB99 models for instanta-
neous SFR, Salpeter IMF and the CF00 extinction recipe. Using
this expression, we have calculated the current SFR for the UCM
galaxies from their LHα (Gallego et al. 1996) and also the specific
SFR (SFR/M∗), defined as the current star formation rate per unit
stellar mass (see Table 3).
Fig. 13 shows the distribution of specific star formation rates for
the UCM sample divided by spectroscopic type. This plot confirms
the result found by GdP00: H II-like galaxies show larger specific
SFRs than disc-like objects. The difference between the median
values for the most extreme cases, SBN and BCD, is well over an
order of magnitude.
Finally, Fig. 16 shows the relationship between the specific SFR
and the total stellar mass for the UCM Survey galaxies. We use
different symbols for different spectroscopic types. Several com-
parison galaxy samples are also shown: (1) the sample of ‘normal’
disc galaxies with Hα and B-band luminosities given by Kenni-
cutt (1983) and stellar mass-to-light ratios estimated by Faber &
Gallagher (1979); (2) the starburst galaxies studied by Calzetti
(1997); (3) the sample of H II-like galaxies of Telles (1995), whose
virial masses were converted to stellar masses using a 0.6 dex offset
(GdP00); (4) the sample of galaxies with 2 < z < 3.5 analysed by
Papovich et al. (2001);2 and (5) the z ∼ 3 Lyman break galaxies
studied by Shapley et al. (2001).
Fig. 16 shows a clear segregation between spectroscopic types.
Disc-like objects tend to be massive galaxies with lower values of
the specific SFR. In general, they are experiencing a burst that is not
very intense relative to their total masses. Conversely, in H II-like
galaxies, the current/recent episode of star formation is, in relative
terms, much more important. However, there is considerable overlap
in specific SFRs and masses. The SBN objects represent the extreme
case of low specific SFR and high stellar mass, while the BCDs and
some DHIIH (dwarf H II hotspot) objects appear at the other extreme,
experiencing a burst of star formation that is very strong for their
low masses. The HIIH and DHIIH galaxies occupy the middle range
(see also Fig. 13).
2Papovich and collaborators use solar and 0.2 times solar metallicity expo-
nential star formation models to derive stellar masses and current SFRs.
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Table 3. Median values and quartiles for total stellar mass (in solar units) and specific star formation rate (in 10−11 yr−1) of the UCM
Survey galaxies. All the possible model input choices are considered. The lowermost part of the table gives the median values and
quartiles of the best fits for each galaxy.
log(M∗/M) log(SFR/M∗)
INST CONS INST CONS
Bruzual & Charlot BC99 model
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Best fit Objects log(M∗/M) log(SFR/M∗)
Total 154 9.86+0.48−0.54 2.60
+0.27
−0.36
Disc-like 95 10.16+0.33−0.44 2.44
+0.24
−0.26
H II-like 59 9.43+0.38−0.43 2.78
+0.52
−0.16
SBN 73 10.27+0.31−0.24 2.42
+0.26
−0.26
DANS 22 9.37+0.18−0.09 2.57
+0.11
−0.18
HIIH 40 9.58+0.35−0.27 2.71
+0.35
−0.14
DHIIH 12 8.89+0.36−0.29 2.85
+0.57
−0.18
BCD 7 8.45+0.18−0.15 3.59
+0.23
−0.41
We notice also that in this diagram the DANS galaxies show
quite a large spread in properties. A number of them are placed in
the region dominated by SBNs, while others present masses and
specific SFRs similar to H II-like galaxies. In addition, there is a
relatively large group of these objects with stellar masses similar to
H II galaxies but weaker SFR/M∗. When fitting the observational
data for the DANS galaxies with our models, we noticed that all
the massive DANS systems present an extinction best described by
the CF00 recipe, while the rest are best fitted with the CALZ00
law (using, in both cases, a Salpeter IMF and the SB99 code).
This could indicate that the DANS objects constitute a heteroge-
neous group with a mixture of stellar population and star formation
properties.
Comparing both panels in Fig. 16 it is clear that the UCM galaxies
span a broad range in properties between the galaxies dominated by
strong (in relative terms) current/recent star formation (e.g. extreme
dwarf H II galaxies) and ‘normal’ spirals. We notice that the starburst
galaxies studied by Calzetti (1997) appear outside the general trend
delineated by the rest of the galaxies. Although their stellar masses
are similar to those of the UCM galaxies, their specific SFRs are
much higher, indicating that they are experiencing extremely strong
bursts of star formation. Since these galaxies were selected by their
strong starbursts, this result is not surprising, but it is important to
remember that these are extreme objects and thus not representative
of the general star-forming galaxy population. Finally, it is interest-
ing that, in this diagram, the z ∼ 3 Lyman break galaxies studied
by Shapley et al. (2001) seem to have very similar properties to the
UCM galaxies. Indeed, their stellar masses and specific SFRs cover
similar ranges. It is clear that by z ∼ 3 these systems have already
built relatively large stellar systems, and that their star formation
is similar to what is found in present-day ‘normal’ galaxies. These
objects are clearly not experiencing the kind of violent episode of
star formation present in the most extreme local starbursts: they are,
in this sense, ‘typical’ galaxies.
7 S U M M A RY A N D C O N C L U S I O N S
In this paper we have analysed the youngest stellar population of
the sample of local star-forming galaxies in the UCM Survey. The
youngest stars are responsible for the heating of the gas that is
producing the emission-line spectrum and, in particular, the Hα line
used to detect these objects. We have utilized the entire data set avail-
able for the UCM sample, which includes optical and NIR photom-
etry and optical spectroscopy, and population synthesis modelling
to characterize these galaxies in terms of their stellar populations
and star formation histories. Our technique takes into account the
observational uncertainties and considers individual star formation
histories for each galaxy. The procedure and the observations used
here were presented in the first paper of this series (Paper I).
In this paper, the second of the series, we have presented derived
burst strengths, ages and metallicities of the most recent star-forming
event for each one of the UCM galaxies. Our method also allowed
us to derive several global properties of the galaxies, such as the
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Figure 13. Distributions of the total stellar masses (left) and specific SFR
(right, in units of 10−11 yr−1) of the UCM objects for each one of the
spectroscopic types. Median values are shown.
Figure 14. Relationship between the H I mass and the total stellar mass for
the UCM galaxies. The best linear fit is also plotted. The equation of this
line is log(MH I/M∗) = (6.1 ± 1.1) − (0.67 ± 0.11) × log(M∗). The fit
for the results obtained using the CALZ00 extinction recipe is very similar,
log(MH I/M∗) = (6.17 ± 0.96) + (−0.67 ± 0.09) × log(M∗).
total stellar mass and the star formation rate. Our main results are
as follows:
(i) An ‘average’ UCM galaxy experienced, about 5 Myr ago, an
instantaneous burst of star formation involving ∼5 per cent of the
total stellar mass. Ages range from 1 to 10 Myr and burst strengths
Figure 15. Oxygen abundance versus total stellar mass. The data are
fitted with the line 12 + log(O/H) = (6.409 ± 0.245) + (0.223 ±
0.025) × log(M∗). The standard deviation of the fit is σ = 0.213. When
using the CALZ00 extinction recipe, a very similar fit is found 12 +
log(O/H) = (6.024 ± 0.281) + (0.257 ± 0.028) × log(M∗).
from ∼0.1 to ∼100 per cent. Our method does not yield robust
metallicity values.
(ii) As argued in Paper I, the extinction plays a key role. The
derived intensity of the star formation event is highly dependent
on this parameter, with the most violent starbursts being strongly
attenuated by extinction. The detection of star-forming objects is
also hindered by extinction, especially for very young bursts, which
may still be embedded in a dense dusty cloud. Moreover, since the
nebular emission falls off rapidly after 10 Myr (and thus the EW
of Hα) for an instantaneous burst, galaxies with newly formed stars
older than this age will not be detected by our survey.
(iii) Even for burst strengths as low as 1 per cent, the young
population emits an important fraction of the total luminosity at
optical wavelengths. Thus, a correlation is expected between optical
colours such as B − r and the burst strength. This correlation is very
clear for galaxies with low extinction. However, high-extinction
galaxies do not show such correlation, probably because different
extinctions would change the optical colours by different amounts,
hiding any underlying trend. Nevertheless, a lower limit of the burst
strength can be derived from B − r .
(iv) For a typical UCM galaxy with b = 1 per cent, the newly
formed stars contribute ∼10 per cent to the total K-band luminosity.
For a larger burst strength of 10 per cent, the contribution rises
to 50 per cent (Paper I). Caution is thus needed when applying a
constant mass-to-light ratio to calculate stellar masses, even in the
K band. For galaxies with strong star formation, the M/LK ratio can
vary by a factor of a few.
(v) With that in mind, in this paper we have taken into account the
derived contribution to the K light from young and old stars when
estimating reliable mass-to-light ratios for each galaxy. Typical
internal uncertainties are ∼0.2 dex. These mass-to-light ratios have
been used to estimate stellar masses for each UCM galaxy. We find
no clear correlation between the derived mass-to-light ratios and
the galaxy colours or luminosities. This agrees with the findings of
Kauffmann et al. (2002) for galaxies fainter than L∗.
(vi) An ‘average’ UCM galaxy has a total stellar mass of
∼1010 M, i.e. about a factor of 7–10 lower than an L∗K galaxy
(Cole et al. 2001). The range of stellar masses in our sample is
quite broad, from massive 1011 M (i.e. ∼L∗) galaxies to 108 M
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Figure 16. Specific SFR (in 10−11yr−1) versus total stellar mass. The panel on the left corresponds to different comparison galaxy samples (see text for details).
The panel on the right corresponds to the UCM galaxies. Symbols refer to the different spectroscopic types. Also, filled symbols correspond to disc-like galaxies
and open ones to H II-like ones (see Gallego et al. 1996 and Section 2.3 of Paper I).
dwarfs. However, our evidence indicates that star formation in the
local Universe is dominated by galaxies considerably less massive
than L∗.
(vii) We have divided the star-forming galaxies in the UCM sam-
ple into two broad spectroscopic classes, disc-like and H II-like.
Although this classification is spectroscopic in nature, most of the
disc-like galaxies show disc/spiral morphologies, while the H II-like
have, in general, a more compact appearance. The disc-like galaxies
are mainly massive galaxies (mass greater than 1010 M) while the
H II-like are dominated by objects with a lower mass. The H II-like
galaxies have, comparatively, higher gas fractions (relative to their
total stellar mass). This gas is being transformed into stars with a
higher efficiency than in disc-like galaxies, resulting in a higher
specific star formation rate (SFR per unit stellar mass).
(viii) The UCM galaxies span a broad range in properties be-
tween those of galaxies completely dominated by current/recent
star formation (e.g. extreme dwarf H II galaxies) and those of ‘nor-
mal’ spirals. Interestingly, the z ∼ 3 Lyman break galaxies seem to
have very similar properties to the UCM galaxies, indicating that
by z ∼ 3 these systems have already built relatively large stellar
systems, and that their star formation is similar to what is found in
present-day ‘normal’ galaxies.
In this paper we have only considered the integrated properties
of the UCM galaxies. Future work will improve our understand-
ing of these galaxies by carrying out a similar study of their spa-
tially resolved stellar populations and star formation properties. A
key role will be played by Hα charge-coupled device (CCD) im-
ages recently obtained for the UCM galaxies (Pe´rez-Gonza´lez et al.
2003b).
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A P P E N D I X A : C O M M E N T S O N I N D I V I D UA L
O B J E C T S
We comment here on some interesting objects found when inspect-
ing Fig. 16:
(i) Two galaxies classified as DHIIH (UCM 1302+2853 and
0047−0213) appear in the zone dominated by SBN or extreme HIIH
galaxies [two open circles with log(M∗/M) 	 10.3]. These ob-
jects have low Hα emission but intermediate K-band luminosities
and masses. The ages of their young populations are rather high
(over 8 Myr) and thus we may be observing a dying burst.
(ii) UCM 2319+2234 was classified as SBN but our models in-
dicate that it is a low-mass almost pure starburst. Note that we need
to use the CALZ00 extinction recipe to achieve a reasonable fit for
this object. The high value of b makes it extremely blue (B − r =
0.25 ± 0.06), and gives it a very large ultraviolet excess (Takase &
Miyauchi-Isobe 1990).
(iii) UCM 2320+2428 (filled star at the bottom-right corner of
Fig. 16) is an edge-on massive galaxy with a very low specific
star formation and was classified as DANS. Its luminosity is large
in all the observed bands (MK = −25.48 ± 0.05) but the probable
nuclear burst has very great extinction [E(B − V ) = 1.30]. This high
reddening is partially responsible for its spectroscopic classification.
(iv) The most massive objects are grand-design spirals (e.g.
UCM 2238+2308, 2316+2457, 2324+2448 and 2325+2208) or
distorted galaxies with clear signs of interactions (e.g. UCM
0000+2140, 1537+2506N and 1653+2644).
(v) Distorted objects also appear among galaxies with high
SFR/M∗ (e.g. UCM 0056+0044 and 2250+2427).
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